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Description 

[PIXEL STRUCTURE AND FABRICATING 

METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91122605, filed October 1, 2002. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to a semiconductor device 
structure and its method of fabrication. More particularly, 
the present invention relates to the pixel structure of a 
thin film transistor liquid crystal display (TFT-LCD) and 
fabricating method thereof. 

[0004] Description of Related Art 

[0005] a thin film transistor liquid crystal display (TFT-LCD) is an 
assembly comprising a thin film transistor array substrate, 
a color filter array substrate and a liquid crystal layer. The 
thin film transistor array substrate includes a plurality of 



thin film transistors organized into an array such that 
each thin film transistor corresponds to a pixel electrode. 
Each thin film transistor has a gate, a channel layer, a 
source terminal and a drain terminal and serves as a 
switching element for a liquid crystal display unit. 

[0006] Operation of each thin film transistor unit is similar to a 
conventional semiconductor MOS device. Each thin film 
transistor has three terminals (a gate terminal, a source 
terminal and a drain terminal). In general, a thin film tran- 
sistor may be classified as an amorphous silicon type or a 
polysilicon type. The amorphous silicon type of thin film 
transistor has been developed for some time and hence 
the fabricating technique is more standardized. The fabri- 
cation of an amorphous silicon thin film transistor in- 
volves forming a gate electrode, a channel layer, a source/ 
drain terminal, a pixel electrode and a passivation layer 
over a substrate. 

[0007] pig. 1 is a top view of a conventional pixel structure. Fig. 2 
is a cross-sectional view along line segments 1-1" of Fig. 1. 
A pixel structure like the one in Figs. 1 and 2 is fabricated 
in several steps. First, a transparent substrate 100 is pro- 
vided. Thereafter, a gate electrode 102 and a scan line 
130 having connection with the gate 102 are formed over 



the transparent substrate 100. At the same time, shelling 
metallic layers 132a and 132b are formed over the trans- 
parent substrate 100. The shelling metallic layers 132a 
and 132b are formed on one side of an area destined to 
form a data line. Next, a gate insulation layer 104 is 
formed over the transparent substrate 100 covering the 
gate electrode 102, the scan line 130 and the shelling 
metallic layers 132a, 132b. 
[0008] a channel layer 106 is formed over the gate insulation 
layer 104 above the gate electrode 102. Thereafter, 
source/drain terminals 108a/108b are formed over the 
channel layer 106. In the meantime, a data line 140 hav- 
ing connection with the source terminal 108a is formed 
over the gate insulation layer 104. The data line 140 ex- 
tends in a direction perpendicular to the direction of ex- 
tension of the scan line 130. The shelling metallic layers 
132a, 132b are located underneath the gate insulation 
layer 104 on each side of the data line 140. The gate elec- 
trode 102, the channel layer 106 and the source/drain 
terminals 108a/108b together constitute a thin film tran- 
sistor 120. 

[0009] a passivation layer 110 is formed over the transparent 
substrate 100 covering the thin film transistor 120 and 



the data line 140. An opening that exposes the drain ter- 
minal 108b of the thin film transistor 120 is formed in the 
passivation layer 110. Thereafter, a pixel electrode 114 is 
formed over the passivation layer 110. The pixel electrode 
114 is electrically connected to the drain terminal 108b of 
the thin film transistor 120 through the opening 112. The 
patterned pixel electrode 114 may also cover the shelling 
metallic layer 132a, 132b. 
[0010] D ue t 0 the closeness between the shelling metallic layers 
132a, 132b and the data line 140 and the closeness be- 
tween the shelling metallic layers 132a, 132b and the 
pixel electrode 114, parasitic capacitance is produced. 
Since the shelling metallic layers 132a, 132b are both in a 
floating state, the extent of parasitic capacitance is rather 
difficult to gauge and control. In some cases, the pat- 
terned data line 140 may deviate from the standard posi- 
tion. For example, the distance between the data line 140 
and the shelling metallic layer 132a is smaller than the 
distance between the data line 140 and the shelling 
metallic layer 132b as shown in Fig. 1. Consequently, par- 
asitic capacitance of the data line 140 with respect to the 
shelling metallic layers 132a and 132b is different. In 
other words, charge distribution between the data line 



140 relative to the shelling metallic layers 132a, 132b is 

uneven. The uneven charge distribution has the effect of 

producing a non-uniform color and gray scale in the two 

display regions. Such discrepancy in neighboring display 

regions is frequently referred to as having a shot mura. 
Summary of Invention 

[0011] Accordingly, one object of the present invention is to pro- 
vide a pixel structure and a fabricating method thereof 
capable of minimizing difference in parasitic capacitance 
between a data line and neighboring shelling metallic lay- 
ers so that a highly uniform display is produced. 

[0012] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a pixel 
structure suitable for fabricating over a transparent sub- 
strate. The pixel structure includes a scan line, a gate in- 
sulation layer, a data line, a shelling layer, a thin film 
transistor, a passivation layer, a contact and a pixel elec- 
trode. The scan line is formed over the transparent sub- 
strate. The gate insulation layer is formed over the trans- 
parent substrate covering the scan line. The data line is 
formed over the gate insulation layer. The data line ex- 
tends in a direction perpendicular to the direction of ex- 



tension of the scan line. The shelling layer is formed on 
the transparent substrate on each side of the data line. 
The shelling layers on each side of the data line are elec- 
trically connected. In this invention, each shelling layer 
comprises a shelling section and a connective section. The 
shelling section is positioned on each side of the data line. 
The connective section joins up the shelling sections on 
each side of the data line. In addition, the shelling layer of 
this invention can be a block of shelling metallic layer that 
crosses from one side of the data line to the other. The 
thin film transistor is also formed over the transparent 
substrate. The thin film transistor has a gate electrode, a 
channel layer and a source/drain terminal. The source ter- 
minal is electrically connected to the data line, the gate 
electrode is electrically connected to the scan line and the 
channel layer is formed over the gate insulation layer 
above the gate electrode. The passivation layer is formed 
over the transparent substrate covering the thin film tran- 
sistor and the data line. The contact is formed inside the 
passivation layer. The pixel electrode is formed over the 
passivation layer. The pixel electrode is electrically con- 
nected to the drain terminal through the contact. 
[0013] This invention also provides a pixel structure suitable for 



fabricating over a transparent substrate. The pixel struc- 
ture includes a scan line, a gate insulation layer, a data 
line, a shelling layer, a dielectric layer, a thin film transis- 
tor, a passivation layer, a contact and a pixel electrode. 
The scan line is formed over the transparent substrate. 
The gate insulation layer is formed over the transparent 
substrate covering the scan line. The data line is formed 
over the gate insulation layer. The data line extends in a 
direction perpendicular to the direction of extension of 
the scan line. The shelling layer is formed over the trans- 
parent substrate on each side of the data line. The dielec- 
tric layer is formed between the gate insulation layer and 
the data line above the shelling layer. In this embodiment, 
the shelling layers on each side of the data line may or 
may not be electrically connected together. In other 
words, the setup of electrical connection between the 
shelling layers is optional because the shelling layers and 
the data line are isolated from each other by the gate in- 
sulation layer and the dielectric layer. A thin film transis- 
tor is also formed over the transparent substrate. The thin 
film transistor has a gate electrode, a channel layer and a 
source/drain terminal. The source terminal is electrically 
connected to the data line, the gate electrode is electri- 



cally connected to the scan line and the channel layer is 
formed over the gate insulation layer above the gate elec- 
trode. The passivation layer is formed over the transpar- 
ent substrate covering the thin film transistor and the data 
line. The contact is formed inside the passivation layer. 
The pixel electrode is formed over the passivation layer. 
The pixel electrode is electrically connected to the drain 
terminal through the contact. 
[0014] This invention also provides a method of fabricating a 
pixel structure on a transparent substrate. First, a gate 
electrode and a scan line having electrical connection with 
the gate electrode are formed over the transparent sub- 
strate. At the same time, shelling layers are formed over 
the transparent substrate. The shelling layers are formed 
on each side of an area destined for forming a data line 
and are electrically connected together. In this invention, 
the shelling layer comprises a shelling section and a con- 
nective section. The shelling section is formed on the side 
of a data line while the connective section joins up the 
shelling sections on each side of the data line. In addition, 
the shelling layer can be a block of patterned shelling 
metallic layer that crosses from one side of the data line 
to the other. Thereafter, a gate insulation layer is formed 



over the transparent substrate covering the gate elec- 
trode, the scan line and the shelling layers. A channel 
layer is formed over the gate insulation layer above the 
gate electrode. A source/drain terminal is formed over the 
channel layer. In the meantime, a data line having connec- 
tion with the source terminal is formed over the gate in- 
sulation layer. The gate electrode, the channel layer and 
the source/drain terminals together constitute a thin film 
transistor. A passivation layer is formed over the trans- 
parent substrate covering the thin film transistor and the 
data line. An opening that exposes the drain terminal is 
formed over the passivation layer. A pixel electrode is 
formed over the passivation layer such that the pixel elec- 
trode is electrically connected to the drain terminal 
through a contact within the opening. 
[0015] This invention also provides an alternative method of fab- 
ricating a pixel structure over a transparent substrate. 
First, a gate electrode and a scan line having electrical 
connection with the gate electrode are formed over the 
transparent substrate. At the same time, shelling layers 
are formed over the transparent substrate. The shelling 
layers are formed on each side of an area destined for 
forming a data line. The shelling layers on each side of the 



data line may be electrically connected together by selec- 
tion. Thereafter, a gate insulation layer is formed over the 
transparent substrate covering the gate electrode, the 
scan line and the shelling layers. A channel layer is formed 
over the gate insulation layer above the gate electrode. A 
dielectric layer is formed over the gate insulation layer 
above the shelling layers. A source/drain terminal is 
formed over the channel layer. In the meantime, a data 
line having connection with the source terminal is formed 
over the gate insulation layer. The gate electrode, the 
channel layer and the source/drain terminals together 
constitute a thin film transistor. The shelling layers and 
the data line are isolated from each other by the gate in- 
sulation layer and the dielectric layer. A passivation layer 
is formed over the transparent substrate covering the thin 
film transistor and the data line. An opening that exposes 
the drain terminal is formed over the passivation layer. A 
pixel electrode is formed over the passivation layer such 
that the pixel electrode is electrically connected to the 
drain terminal through a contact within the opening. 
[0016] | n this invention, the shelling layers on each side of the 
data line are electrically connected. Hence, parasitic ca- 
pacitance of the capacitors resulting from proximity of the 



data line with neighboring shelling layers on each side of 
the data line is able to balance out and prevent the occur- 
rence of shot mura in the display device. 
[0017] Aside from a gate insulation layer, an additional dielectric 
layer may also be introduced. Since capacitance of a ca- 
pacitor is inversely proportional to the thickness of the di- 
electric layer between the metallic electrodes of a capaci- 
tor, thickening with a dielectric layer is able to bring down 
the capacitance of a parasitic capacitor. Ultimately, mura 
shot in the display due to parasitic capacitance is attenu- 
ated. 

[0018] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0019] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0020] pig. 1 is a top view of a conventional pixel structure. 



[0021] pig. 2 is a cross-sectional view along line segments l-T of 
Fig. 1. 

[0022] pig. 3 is a top view of a pixel structure according to a first 

preferred embodiment of this invention. 
[0023] Fig. 4 is a cross-sectional view along line segments II — II" 

of Fig. 3. 

[0024] Fig. 5 is a top view of a pixel structure according to a sec- 
ond preferred embodiment of this invention. 

[0025] Fig. 6 is a cross-sectional view along line segments III — III" 
of Fig. 5. 

[0026] Fig. 7 is a cross-sectional view of a pixel structure fabri- 
cated according to another preferred embodiment of this 

invention. 
Detailed Description 

[0027] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0028] Fig. 3 is a top view of a pixel structure according to a first 
preferred embodiment of this invention. Fig. 4 is a cross- 
sectional view along line segments II — II" of Fig. 3. Several 



steps are required to fabricate the pixel structure shown 
in Figs. 3 and 4. First, a transparent substrate 100 such as 
a glass substrate or a plastic substrate is provided. A gate 
electrode 102 and a scan line 130 having connection with 
the gate electrode 102 are formed over the transparent 
substrate 100. At the same time, a shelling layer 134 is 
formed over the transparent substrate 100. The shelling 
layer 134 comprises a pair of shelling sections 132a, 132b 
and a connective section 132c. The shelling sections 
132a, 132b are formed on each side of an area destined 
to form a data line. The connective section 132c joins up 
the shelling sections 132a and 132b. 

[0029] | n this embodiment, the gate electrode 102, the scan line 
130 and the shelling layer 134 are made from a metallic 
material such as tantalum, titanium or aluminum. There- 
after, a gate insulation layer 104 is formed over the trans- 
parent substrate 100 globally, thereby covering the gate 
electrode 102, the scan line 130 and the shelling layer 
134. The gate insulation layer 104 is a silicon nitride layer 
or a silicon oxide layer, for example. 

[0030] a channel layer 106 is formed over the gate insulation 

layer 104 above the gate electrode 102. An ohmic contact 
layer (not shown) is subsequently formed on the surface 



of the gate channel 106. The channel layer 106 is fabri- 
cated using a material such as amorphous silicon (a-Si) 
and the ohmic contact layer is fabricated using a material 
such as doped amorphous silicon (n+-Si). 

[0031] a pair of source/drain terminals 108a/108b is formed 
over the channel layer 106. In the meantime, a data line 
140 having connection with the source terminal 108a is 
formed over the gate insulation layer 104. The data line 
140 extends in a direction perpendicular to the direction 
of extension of the scan line 130. The shelling layer 134 
is located on each side of the data line 140 underneath 
the gate insulation layer 104. The gate electrode 102, the 
channel layer 106 and the source/drain terminals 
108a/108b together constitute a thin film transistor 120. 

[0032] a passivation layer 110 is formed over the transparent 
substrate 100 covering the thin film transistor 120 and 
the data line 140. Thereafter, an opening 112 that ex- 
poses the drain terminal 108b of the thin film transistor 
120 is formed in the passivation layer 110. A pixel elec- 
trode 114 is formed over the passivation layer 110. The 
pixel electrode 114 and the drain terminal 108 of the thin 
film transistor 120 are electrically connected through a 
contact inside the opening 112. In addition, the patterned 



pixel electrode may also cover a portion of the shelling 
layer 134. 

[0033] | n this invention, the shelling sections 132a, 132a are 
electrically connected together through the connective 
section 132c. Hence, the parasitic capacitors formed be- 
tween the data line 140 and the shelling section 132a, 
132b on each side of the data line 140 may balance each 
other out and prevent any non-uniformity or shot mura in 
the pixel display unit. 

[0034] pig. 5 is a top view of a pixel structure according to a sec- 
ond preferred embodiment of this invention. Fig. 6 is a 
cross-sectional view along line segments Ill-Ill" of Fig. 5. 
Similar steps are required to fabricate the pixel structure 
shown in Figs. 5 and 6. First, a gate electrode 102 and a 
scan line 130 are formed over a transparent substrate 
100. At the same time, a shelling layer 160 is also formed 
over the transparent substrate 100. In the second embod- 
iment, however, the shelling layer 160 is a block of 
shelling metallic layer that crosses over from one side of 
an area destined to form a data line to the other side. 
Thereafter, a gate insulation layer 104 is formed over the 
transparent substrate 100 so that the gate electrode 102, 
the scan line 130 and the shelling layer 160 are covered. 



[0035] j us t as in the aforementioned embodiment of this inven- 
tion, a channel layer 106, a pair of source/drain terminals 
108a/108b and a data line 140 having connection with 
the source terminal 108a are sequentially formed over the 
transparent substrate 100 to produce a thin film transistor 
120. Thereafter, a passivation layer 110, a contact 112 
and a pixel electrode 114 are formed to build a complete 
pixel structure. 

[0036] | n the second embodiment, the shelling layer 160 under- 
neath the data line 140 is a block of shelling metallic layer 
that crosses from one side of the data line 140 to the 
other. Hence, the potential on each side of the data line 
140 is equal and prevents any non-uniformity or shot 
mura in the pixel display unit. 

[0037] The pixel structure of this invention is suitable for form- 
ing over a transparent substrate 100. The pixel structure 
includes a scan line 130, a gate insulation layer 104, a 
data line 140, a shelling layer 134 (or a shelling layer 
160), a thin film transistor 120, a passivation layer 110, a 
contact 112 and a pixel electrode 114. 

[0038] The scan line 130 is formed over the transparent sub- 
strate 100. The gate insulation layer 104 is formed over 
the transparent substrate 100 covering the scan line 130. 



The data line 140 is formed over the gate insulation layer 
104 and the data line 140 extends in a direction perpen- 
dicular to the direction of extension of the scan line 130. 

[0039] | n addition, the shelling layer 134 is formed over the 
transparent substrate 100 on each side of the data line 
140. The shelling layer 134 on each side of the data line 
140 is electrically connected. In this embodiment, the 
shelling layer 134 consists of a pair of shelling sections 
132a, 132b and a connective section 132c. The shelling 
sections 132a and 132b are positioned on each side of 
the data line while the connective section 132c joins up 
the respective shelling sections 132a and 132b. The 
shelling layer 160 may also be a block of shelling metallic 
layer 160 that crosses over the data line 140. 

[0040] Furthermore, the thin film transistor 120 is positioned 
over the transparent substrate 100. The thin film layer 
120 includes a gate electrode 102, a channel layer 106 
and a pair of source/drain terminals 108a/108b. The 
source terminal 108a and the data line 140 are electrically 
connected. The gate electrode 102 and the scan line 130 
are electrically connected. The channel layer 106 is 
formed over the gate insulation layer 104 above the gate 
electrode 102. The passivation layer 110 is above the 



transparent substrate 100 covering the thin film transistor 
120 and the data line 140. The contact 112 is buried in- 
side the passivation layer 110. The pixel electrode 114 is 
constructed over the passivation layer 110 such that the 
pixel electrode 114 and the drain terminal 108b are elec- 
trically connected through the contact 112. 

[0041] pig. 7 is a cross-sectional view of a pixel structure fabri- 
cated according to another preferred embodiment of this 
invention. First, a gate electrode 102 and a scan line 130 
are formed over a transparent substrate 100. At the same 
time, shelling layers 132a and 132b are formed over the 
transparent substrate 100. Thereafter, a gate insulation 
layer 104 is formed over the transparent substrate 100 to 
cover the gate electrode 102, the scan line 130 and the 
shelling layers 132a, 132b. An additional dielectric layer 
150 is formed over the gate insulation layer 104 above 
the shelling layer 132a and 132b. The dielectric layer 150 
is fabricated using a material such as silicon nitride. 

[0042] a channel layer 106, a pair of source/drain terminals 
108a/108b and a data line 140 having connection with 
the source terminal 108a are sequentially formed over the 
transparent substrate 100 to form a complete thin film 
transistor 120. Hence, the data line 140 is separated from 



the shelling layers 132a, 132b by the additional dielectric 
layer 150 besides the gate insulation layer 104. Finally, a 
passivation layer 110, a contact 112 and a pixel electrode 
114 are formed over the transparent substrate 100 to 
build a complete pixel structure. 

[0043] N 0 te that the additional dielectric layer 150 between the 
data line 140 and the shelling layers 132a, 132b reduces 
the parasitic capacitance of the capacitors produced be- 
tween the data line 140 and the respective shelling layers 
132a, 132b. In addition, the shelling layers 132a and 
132b may be electrically connected by selection. For ex- 
ample, the shelling layers 132a and 132b in Fig. 1 are not 
electrically connected together. On the other hand, the 
shelling layers 132a and 132b in Fig. 3 are electrically 
connected together while the shelling layer 160 in Fig. 5 is 
a single block that crosses from one side of the data line 
140 to the other. 

[0044] The pixel structure in this embodiment is suitable for 

constructing over a transparent substrate 100. The pixel 
structure includes a scan line 130, a gate insulation layer 
104, a data line 140, a pair of shelling layers 132a, 132b 
(or a shelling layer 134, 160), a dielectric layer 150, a thin 
film transistor 120, a passivation layer 110, a contact 112 



and a pixel electrode 114. 
[0045] The scan line 130 is formed over the transparent sub- 
strate 100. The gate insulation layer 104 is formed over 
the transparent substrate 100 covering the scan line 130. 
The data line 140 is formed over the gate insulation layer 
104 and that the data line 140 extends in a direction per- 
pendicular to the direction of extension of the scan line 
130. 

[0046] | n addition, the shelling layers 132a, 132b are formed 
over the transparent substrate 100 on each side of the 
data line 140. The dielectric layer 150 is formed in the 
space between the gate insulation layer 104 above the 
shelling layers 132a, 132b and the data line 140. The 
shelling layers 132a, 132b on each side of the data line 
140 can be electrically connected by selection. For exam- 
ple, the shelling layers 132a, 132b in Fig. 1 are not elec- 
trically connected while the shelling layers 134, 150 in 
Figs. 3 and 5 are electrically connected. Anyway, the 
shelling layers 132a, 132b (or the shelling layers 134, 
160) and the data line 140 are separated by the gate insu- 
lation layer 104 and the dielectric layer 150. 

[0047] Furthermore, the thin film transistor 120 is positioned 
over the transparent substrate 100. The thin film layer 



120 includes a gate electrode 102, a channel layer 106 
and a pair of source/drain terminals 108a/108b. The 
source terminal 108a and the data line 140 are electrically 
connected. The gate electrode 102 and the scan line 130 
are electrically connected. The channel layer 106 is 
formed over the gate insulation layer 104 above the gate 
electrode 102. The passivation layer 110 is above the 
transparent substrate 100 covering the thin film transistor 
120 and the data line 140. The contact 112 is buried in- 
side the passivation layer 110. The pixel electrode 114 is 
constructed over the passivation layer 110 such that the 
pixel electrode 114 and the drain terminal 108b are elec- 
trically connected through the contact 112. 
[0048] | n this embodiment, the data line 140 and the shelling 
layers 132a, 132b (or the shelling layers 134, 160) are 
separated from each other by the dielectric layer 150 in 
addition to the gate insulation layer 104. Since the capaci- 
tance of a capacitor is inversely proportional to the thick- 
ness of its dielectric layer, the additional thickness pro- 
vided by the dielectric layer 150 reduces the parasitic ca- 
pacitance between the data line 140 and the shelling lay- 
ers 132a, 132b (or the shelling layers 134, 160). Ulti- 
mately, non-uniformity of pixel display units due to un- 



equal capacitance is greatly minimized. 

[0049] | n this invention, the shelling layers on each side of the 
data line are electrically connected. Hence, parasitic ca- 
pacitance of the capacitors resulting from proximity of the 
data line with neighboring shelling layers on each side of 
the data line is able to balance out and prevent the occur- 
rence of shot mura in the display device. 

[0050] Furthermore, a dielectric layer in addition to the original 
gate insulation layer may also be introduced. Since capac- 
itance of a capacitor is inversely proportional to the thick- 
ness of the dielectric layer between the metallic electrodes 
of a capacitor, thickening with a dielectric layer is able to 
bring down the capacitance of a parasitic capacitor and 
attenuate any mura shot in the display. 

[0051] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



